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WHEN. in a routine laboratory, large numbers of cultures have to be made, many
of them are incubated late in the afternoon and examined the next morning. When
colonies of Staphylococcus aureus grow after a short incubation period few produce
pigment, and it is impossible to say definitely if they are, in fact, Staph. aureus or
Staph. albus. It is usual to test these organisms for coagulase but it may be neces-
sary to come to a preliminary conclusion before the coagulase test can be done.
They can be tested for desoxyribonuclease, and this may be quicker and more
convenient than the coagulase test; but a simpler aid to a preliminary opinion is
a selective indicator medium, and such a medium has been described by Davis and
Davis (1965). It was decided to try this, and at the same time compare the coagulase
test and the test for desoxyribonuclease on each Staph. aureus isolated. The oppor-
tunity was also taken to test the organisms for their sensitivity to antibiotics and
their resistance to mercury salts, to phage type them, and to enquire into the
source of infection in each case.
INVESTIGATION AND METHODS
Working in a routine laboratory attached to a large hospital, there was no diffi-
culty in getting material, and organisms from 55 patients were studied. These
organisms were isolated from post-operative wound infections, from abscesses, boils,
ulcers, infected cords and cases of blepharitis, and from patients with chronic ear
infections. A few were from members of the staff in the hospital who acquired their
infections in the hospital. Seven of the 55 organisms were from patients seen in
the casualty department.
Selective Indicator Medium
This consists of oxoid nutrient broth (C.M.1.) 1.5% oxoid agar, pH 7.4, and 500
units of polymyxin, 1% mannitol, and 0.004% bromocresol purple. Mannitol
fermenting Staph. aureus growing on it produces yellow colonies with a yellow zone
around the colonies. Staph. albus usually do not grow, but if they do they are not
yellow, and there is no yellow zone. Staph. aureus usually grows on this medium
at 37°C in 24 hours or less, but some strains may need an incubation period of
30 to 36 hours.
Coagulase Tests
The organisms were tested for bound coagulase by the slide test (Loeb, 1903), and
for free coagulase by the tube test (Fisk, 1940).
Desoxyribonuclease Test
The desoxyribonuclease test (Jeffries, Holtman and Guse, 1957) was done using
'Bacto-D-Nase' test agar. Plates were inoculated heavily with the test cultures in
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when desoxyribonuclease was present was easily seen. A coagulase negative Staph.
albus was used as a negative control and the 'Oxford' staphylococcus as a positive
control.
Antibiotic Sensitivity Tests
The organisms were inoculated on each half of the blood agar plate with the
'Oxford' staphylococcus in the centre (Stokes, 1960) and the zones of inhibition
compared after incubation at 37°C overnight. The discs used were penicillin four
units, tetracycline 25 ug, streptomycin 25 ug, neomycin 30 ug, kanamycin 30 ug,
erythromycin 10 ug, fucidin 10 ug, and methicillin 10 ug.
Production of Penicillinase
The method of Cooper, Brown and Vesey (1966) was used.
Resistance to Mercury Salts
These tests were done by Moore's (1962) method as modified by Green (1962).
Phage Type
Most of the organisms were phage typed (Blair and Williams, 1961).
RESULTS
Fifty-five strains were examined, 48 from the hospital and seven from the casualty
department of the hospital. All except one were easily recognised on the selective
indicator medium for they grew in twenty-four hours as yellow colonies with yellow
zones. The exception was an organism which was not definitely yellow, and did not
produce a yellow zone. Growing on blood agar it appeared to be a Staph. aureus,
and in fact proved to be coagulase positive, and it produced desoxyribonuclease.
On subculture it fermented 1 per cent mannitol after four days incubation at 37°C.
All the strains produced free coagulase, seven were negative when tested for bound
coagulase. All produced desoxyribonuclease.
Strains Resistant to Penicillin and no other Antibiotic
Twenty-eight (58.3 per cent) of the 48 strains received from the hospital were
resistant to penicillin only. Two of these were resistant to mercury salts; 24 produced
penicillinase, and two did not. (Two were not tested for penicillinase}. Eighteen of
these, all mercury sensitive, belonged to phage group 1, namely types 29(7*),
79/81(1), 29/52/80(3), 52A(1), 29/52(3), 29/80/81(1), 52A/80/81(1), and
29/52/52A/80(1). Three belonged to group II, namely 3c/55/7(1), and 3c/55(2),
and these were also sensitive to mercury salts. Four belonged to group III, namely
43E/47/54/81(1)(MS)t, 6/47/54/75/83A(1)(MS), 6/47/53/77/83A(1)(MR) and
7/47/54/75/83A(1)(MR). There were two other mercury sensitive strains which
did not belong to any group, and an untypable strain which was also sensitive to
mercury salts.
* Indicates the number of strains.
t MS=Sensitive to mercury salts.
MR=Resistant to mercury salts.
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Ten (20.8) per cent of the 48 hospital strains were resistant to penicillin and
other antibiotics (see table). Six (12.5 per cent) of these were resistant to mercury
salts and also to tetracycline. Of the 10 multi-resistant strains four were sensitive to
mercury salts, and two of these were resistant to tetracycline. Of the two tetra-
cycline sensitive strains, one was resistant to penicillin and erythromycin, sensitive
to mercury salts, and produced penicillinase, and the other was resistant to peni-
cillin, methicillin, streptomycin and fucidin. This strain was sensitive to mercury
salts also, but was not tested for penicillinase. Four of these organisms belonged to
phage group I, namely phage types 29(1)(MR), 80(1)(MS), 52A/80(1)(MS) and
29/52(1)(MS). The other six strains were 84/85(4)(MR), 83A/85(1)(MR) and an
untypable mercury sensitive strain.
TABLE
Merc.
Cult. resis-
No. Pen. Tetra. Strep. Neo. Kana. Eryth. Fucid. Meth. tant Phage
38 R R R R R R S S R
34 R R R R R R S S R
84/85
31 R R R R R R S S R
23 R R R R R R S S R
56 R R R S S R S S S Untypable
58 R R R S S R S S S 29/52
27 R R R S S S S S R 83A/85
5 R R R R R R R S R 29
40 R S S S S R S S S 80
17 R S R S S S R R S 52A/80
Strains Sensitive to all Antibiotics
Eleven (22.9 per cent) of the 48 strains were sensitive to all the antibiotics. All
were sensitive to mercury salts, and none produced pencillinase. Three belonged
to group I, namely phage types 29/81, 29/52/52A/80/81 and 81. Three belonged
to group II, namely phage types 3c55/71, 55 and 3c. Two belonged to group III,
namely phage types 7/42E/47/75 and 42E/53/54. There was one untypable strain
and two which were phage type 187.
Strains received from the Casualty Department
Seven strains were examined. Four were resistant to penicillin and no other anti-
biotic, and these all produced penicillinase. One belonged to phage group 1, phage
type 29/52(MS), two to group II, phage type 3c/55/71(MS) and phage type 77(MS)
and one belonged to group HII, phage type 42E(MS). Three were sensitive to all the
antibiotics; two of these belonged to group I, phage type 42E/47/53/54/81(M4S)
and 29/81(MS), and the third to group IL, phage type 55/71(MS). Six of the seven
were from abscesses or boils and the seventh (phage type 77(MS)) pus from an old
mastoidectomy.
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The selective indicator medium worked well. Even when there were only a few
colonies on the plate it was possible to make an immediate decision and say with
confidence that the organism was a Staph. aureus although the colony growing on
the blood agar plate appeared to be a Staph. albus. Time was not wasted, nor the
flow of work held up while unnecessary coagulase tests were done. In mixed cultures
it was easy to see the yellow colony of Staph. aureus, and its yellow zone, and in
many of these the staphylococcus was not seen on the blood agar plates. The only
exception was the one Staph. aureus which required prolonged incubation to ferment
mannitol, and no doubt non-mannitol fermenters will be encountered occasionally.
Enterococci were frequently seen, and these grew as yellow colonies also with
yellow zones, but they cannot be mistaken for Staph. aureus because they are
smaller than Staph. aureus, and transparent, whereas the Staph. aureus is opaque.
Proteus, coliforms and Staph. albus were also seen, but the latter was rarely seen
and never as a yellow colony. Coliforms and proteus are easily recognised, but
proteus can cause confusion by interfering with the development of the yellow
zones around the staphylococci growing on the same plate. The desoxyribonuclease
test was simple to do, and the results easily read provided there were not too many
organisms streaked or spotted on the plate. Three streaks per four inch plate is
the maximum which should be used. The test is more convenient to do than the
coagulase test.
The antibiotic patterns and the phage types reflect the diversity of antibiotic
resistance and phage types seen in a general hospital. The majority (24 of 28) of
the organisms resistant to penicillin alone produced penicillinase, and were sensitive
to mercury salts (22 of 24 - two were not tested). The majority (8 of 10) of the
tetracycline resistant strains were resistant to mercury salts (6 of 8) and these also
produced penicillinase.
This was to be expected because those staphylococci which survive in a hospital
environment are usually resistant to one or more antibiotics, and those resistant to
more than one antibiotic are usually resistant to tetracycline and mercury salts. Also
those which are resistant to mercury salts are often more virulent (Moore 1960).
Most of the organisms in this series produced penicillinase, and while the amount
produced was not estimated, this finding is in keeping with conclusions of Rich-
mond, Parker, Jevons and John (1964) who consider that the production of large
amounts of penicillinase is necessary for the survival of antibiotic resistant organ-
isms in hospitals. The majority of the multi-resistant and mercury resistant strains
belonged to phage type 84/85 or 83A/85, phage types associated with epidemics of
staphylococcal infections in this hospital in the past.
Enquiries were made as to how many of these patients arrived in the hospital
with infections, and it appeared that eight (72.7 per cent) of the 11 fully sensitive
strains were acquired outside the hospital, and that 12 (42.8 per cent) of the 28
strains resistant to penicillin only, and two (20 per cent) of the 10 multi-resistant
strains, were also acquired outside the hospital, but some of these were originally
acquired in other hospitals in the province and one was acquired in a hospital in
England.
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By including polymyxin-mannitol bromocresol agar in the culture media for the
isolation of Staph. aureus it was found that the organisms could be recognised
quickly as an aureus strain, and seen amongst mixed growths.
The desoxyribonuclease test was simple to do, and suitable for use in a routine
laboratory. It was probably more convenient than the coagulase test.
The antibiotic patterns and the phage types were what would be expected in
organisms found in a general hospital, but some of the infections were, it appeared,
originally acquired outside it.
I wish to thank Mrs. H. D. Landau, Senior Scientific Officer, for phage typing these strains
and Mr. W. N. McDonald, A.I.M.L.T., and the technical staff of The Laboratories, Belfast
City Hospital, for other technical assistance.
REFERENCE
BLAIR, J. E. and WILLIAMS, R. E. 0. (1961). Bull. World Hlth. Org.,. 24, 771.
CoopER, R. G., BROWN, GERALDINE W. and VESEY, BETmY V. (1966). Aust. J. exp. Med. Sci.,
44, 715.
DAVIs, N. A. and DAvis, G. H. G. (1965). J. Path. Bact., 89, 380.
FISK, A. (1940). Brit. J. exp. Path., 21, 311.
GREEN, S. M. (1962). J. clin. Path., 15, 249.
JEFFRIES, C. D., HOLTWMAN, D. F. and GUSE, D. G. (1957). J. Bact., 73, 590.
LOEB, L. (1903). J. med. Res., 10, 407, quoted by DUTHIE, E. S. (1954). J. gen.. Microbiol.,
10, 427.
MOORE, B. (1960). Lancet, ii, 453.
RICHMOND, M. H., PARKER, M. T., JEVONS, M. PATRICIA and JoHN, MADELEINE (1964). Lancet,
i, 293.
STOKES, E. J. (1960). Clinical Bacteriology, 2nd ed.
150